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A VARIANCE DECOMPOSITION ANALYSIS OF THE






Based on a market efficiency assumption, we use variance decomposition
analysis to separate information in the term structure on expected future spot rates
from information on time-varying term premia and to examine the market's ability to
forecast both future rate changes and excess returns on long versus short securities.
We find that fluctuations in the slope of the yield curve are due more to changing
term premia than to fluctuations in expected future spot rates and that the market
correctly predicts about 40 percent of the month-to-month changes in spot rates, a
considerably higher percentage than that found by previous studies.
I. Introduction
In this paper we use a variance decomposition of the term structure to
determine the extent to which (1) market participants can correctly forecast
interest rate changes, (2) market participants can forecast excess holding-period
returns on long- versus short-term securities; and (3) changes in the slope of the
term structure reflect expected changes in both short-term rates and term premia.
Information in the term structure remains a topic of debate (e.g., Froot
(1989), Shiller (1990), Jorion and Mishkin (1991)). According to the expectations
model of the term structure, the spread between the implied forward rate and the
current spot rate can be divided into the expected spot rate change and the
expected excess holding-period return on long versus short securities, i.e., the
term premium. However, this division is difficult in practice because neither
expected value is observable. Froot (1989) suggests using econometric or survey
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forecasts to measure the expected rate changes, leaving the residual to measure
the term premium. However, this approach is successful only when the
econometric or survey forecast matches the market's true expectation.
The predictability of future spot rates is also debated. As in Fama (1984),
the ex-post interest rate change is usually regressed on the beginning-of-period
forward-spot spread. Fama and others point out that since the forward-spot spread
consists of both the expected spot rate change and the term premium, this
approach accurately measures the market's ability to forecast future spot rates
only if the term premium is constant over time. Considerable evidence indicates
it is not.
We do not assume either that the term premium is constant or that a
survey accurately reflects the market's expectations of future spot rates. Instead,
we assume rational expectations/market efficiency. Although the market's
expectations of future interest rates and excess holding-period returns are
unobservable, if we assume rational expectations/market efficiency we can
estimate the variance of each from the observable variances of the actual rate
change, actual excess holding-period returns, and the forward-spot spread, and the
covariance between the term premium and the expected rate change. This
procedure allows us to measure the predictability of future rates and holding-
period returns and the information in the term structure without imposing the
assumptions used in previous studies.
Although our results differ depending on the rates and periods examined,
we find that the market predicts both holding-period returns and short-term rate
changes fairly well. Specifically, during 1964-90, the market anticipated about 40
percent of the month-to-month changes in the short rate. This predictability figure
is considerably higher than that obtained by past studies that regress the rate
change on the forward-spot spread (e.g., Fama (1984». We argue that the
regresssion procedure in these studies underestimates the ability of the market to
predict rate changes because the forward-spot spread contains a varying term
premium. We also find that market participants anticipate 40 percent of the
month-to-month changes in excess holding-period returns on one- versus two-
period securities. Our evidence indicates that the predictability of short-term rates
and excess returns increased considerably following the change in Federal Reserve
(Fed) operating procedures in October 1982. We also find that as the term-to-
maturity and the forecasting horizon lengthen, the market's ability to forecast both
rates and returns declines, though we find some evidence of a slight increase in
forecasting ability at the end of the spectrum.
Our results indicate that the short and long ends of the term structure
contain information about future rate changes, while the middle range contains
information about excess holding-period returns. Fama (1984), Mishkin (1988),
and Walz and Spencer (1989) find the term structure contains information on
future rates, while Shiller, Campbell, and Schoenholtz (1983) and Mankiw and
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Miron (1986) do not, because the former studies examine monthly data and the
latter studies explore quarterly data. We do not confirm the findings of Fama and
Bliss (1987) on the forecasting ability of the long end ofthe term structure. Their
findings appear sample specific; when their data period is extended, the
forecasting ability of the yield curve disappears.
II. Model
For simplicity, consider a two-period model for zero-coupon, default-free
securities. We use the following terms:
p,.m price at time t of an m-period default-free security that pays $1
at time t+m where m = 1, 2;
r, yield-to-maturity on a one-period security, i.e., r, = -In(P,,I);
R, yield-to-maturity on a two-period security, i.e., R, = (-1/2)ln(P'2)'
/'+1 implied forward rate for period t+1 based on the yield curve at
time t, i.e., /'+1 = In(P,./P,.2) = 2R, - r.;
H, holding-period return when buying a two-period security at time
t and selling it at time t+1, i.e., H, = In(P'+1 / P'2) = 2R, - rt+1 ;
T, excess holding-period return on a two-period security, i.e., T, =
H, - r, = 2R, - rt+1 - r,;
Sr, short rate change, i.e., Sr, = r'+1 - r,;
S/ forward-spot spread, i.e., S, = /'+1 - r.; and
8, expected excess holding-period return or term premium given the
information available at time t, i.e., 8, = E,(T,).
The actual rate change can be separated into the change expected by
market participants (assumed homogeneous) plus an expectational error, i.e.,
(1)
where E,(!!.r) = E,(r'+I) - r, and E, = r/+ I - E,(r'+I)' Similarly, since T, = 2R, - rt+1
- r, the excess holding-period return can be expressed as the term premium, 8"
minus the same expectational error, i.e.,
Finally,
T, = 8, - E, (2)
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S, = E,(~) + 8, (3)
In other words, the forward-spot spread can be separated into the expected rate
change plus the term premium.
We focus on the proportion of the variation in each of the observable
variables, I1r" T" and S" accounted for by each of the unobservable variables,
E,(~), 8" E" on the right-hand side of equations (1)-(3). For instance,
Var(E,(~))Nar(~,) provides a measure ofthe extent to which actual rate changes
are anticipated by the market. If Varts.) = 0, all rate changes are completely
anticipated and Var(E,(l1r))Nar(~,) = 1. If Var(E,(~))Nar(l1r,)= 0, all rate
changes are a surprise. This ratio provides a measure of the extent to which rate
changes are anticipated by the market, not, as in previous studies, a measure of
the extent to which they are anticipated by the slope of the yield curve. As shown
below, our measure is only equivalent to the traditional measure if the term
premium is constant, so that changes in the slope of the yield curve, S" are due
solely to changes in the market's expectations.
Although the number of equations equals the number of unknowns, one
cannot obtain values of E,(~), 8" and E, from equations (1)-(3) and observed
values of I1r" T" and S, because the three equations are not independent. In
particular, S, = T, + I1r, . Given values of one unknown, however, one can solve
for the other two, which is the approach taken in previous studies. For instance,
Shiller, Campbell, and Schoenholtz (1983) and others assume 8, is constant (and
therefore measurable) or zero. Unfortunately, considerable evidence (Fama (1984),
Lauterbach (1989), Engle, Lilien, and Robbins (1987)) indicates that term premia
vary. Another approach, as in Froot (1989), is to use a survey of economists'
forecasts of Sr, to measure E,(~). The success of this approach depends on the
extent to which the market's expectations match forecasters' expectations, and
timely forecasts are only available for a few rates and forecast periods.
Our approach is different. Instead of assuming a value for one of the
unknowns, we impose restrictions on their correlations. Equations (1), (2), and (3)
imply
Yarer,) = Var(E,(l1r)) + Varts.) + 2 Covar(E,(l1r), E,)
Var(T,) = Var(8,) + Varfs.) - 2 Covar(8" E,)
Var(S,) = Var(E,(~)) + Var(8,) + 2 Covar(E,(l1r), 8,)
This system can be simplified if we assume rational expectations/market
efficiency. Since rational expectations implies E, is uncorrelated with all
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information available at time t, including El~) and 8" Covar(E,(~), E,) =
Covar(8" E,) = 0 and
Var(T,) = Var(8,) + Varts.)
Var(S,) = Var(El~» + Var(8,) + 2 Covar(E,(~), 8,) or
(4)
(5)
Var(S,) = Var(E,(~» + Var(8,) + 2p [Var(El~» Var(8,)]5 (6)
where p is the correlation coefficient between 8, and E,(~). Note again that E,
is an expectational error equal to the difference between r'+l and E,(r'+I).l
Given estimates of p, we can obtain estimates of the variances of the
unobservables, E,(~), 8" and E" from estimated variances of the observables,
~" T" and Sf' by solving equations (4), (5), and (6). Then, given estimates of
all six variances, we can draw inferences about the predictability of future rates
and holding-period returns and about information in the term structure. Although
rational expectations/market efficiency is a maintained hypothesis in our analysis,
which is not tested directly, negative estimates of any of the variances on the
right-hand side of equations (4)-{6) imply that either the value of p is wrong or
the covariances are not zero as efficient markets assume.
Since 0, and E,(~) are not observable, p cannot be estimated directly.
Since their observable counterparts, T, and Sr, contain (with opposite signs) the
same error E" estimates of p based on T, and Sr, are negatively biased. Both
traditional and modem theories of the term structure and term premium predict
8, will be positively correlated with uncertainty about future rates, Var(~,), and
numerous studies (e.g., Lauterbach (1989» confirm this hypothesis. However,
these theories do not predict a correlation between 8, and the direction in which
the market expects rates to change, E,(~). Since p cannot be determined
empirically or a priori, we solve the model and report the results for several
possible values of p. We focus on p = 0 since (1) this may be regarded as a much
weaker version ofthe traditional assumption that 8, is constant, (2) extant theories
of the term premium do not predict a correlation, and (3) when p = 0 our results
are comparable with those from earlier studies. p (or a similar term) appears fairly
often in models of the term structure. As we do, Hardouvelis (1988) and Mankiw
and Miron (1986) solve their models for various values of p while Mankiw and
Summers (1984) assume p = o.
'We assume reported rates and returns are measured without error. If measured with error, the variance of
this measurement error would be included on the right-hand side of equations (4) and (5).
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For simplicity, we restrict our analysis to one- and two-period securities.
However, we empirically consider longer-term securities and longer forecasting
horizons. The generalized forms of equations (1)-(6) are:
T, = 8/ - (I/m)E/ (2b)
Var(~,) = Var(El~)) + Varts.) (4b)




J,+m - r, whereJ,+m represents the implied forward rate for period
t+m based on the term structure at time t; and
(11m) [(m+ I )R,m+1 - mR,m - r,+m] where R,m represents the yield-
" ,
to-maturity at time t on an m-period security.
Inthe multi period case, T, represents the difference between the m-period holding-
period return to buying an m+I-period zero-coupon security at time t and selling
it at time t+m and the known return R/,m on an m-period security.'
III. Variance Estimates
Data
We estimate the variances of Sr., E,(~), T" 8" S" and E/ for three
series of short rates: monthly, quarterly, and yearly. We look at three series
because past studies of interest rate predictability obtain different results for
different rates. All data are from the Government Bond Files of the Center for
2An alternative approach is to express T, as the difference between the single-period return to buying an
m+ l-period security at time t and selling it at time t+1 and the single-period return r, , and to express the rate
change term in terms of one-period changes in long-term rates, i.e., R,+I.n, - R"" . This expression is similar to,
but different from, (I bH6b). We focus on long-term changes in short rates since that is the focus in past studies
(e.g., Fama (1984), Fama and Bliss (1987».
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Research in Security Prices (CRSP). Monthly forward rates, spot rates, and
holding-period returns are obtained from the CRSP files for one- to six-month T-
bills and are based on the bid and ask price averages. Quarterly rates and holding-
period returns are calculated from CRSP's price files for one- to twelve-month T-
bills using the definitions given previously. Yearly rates and holding-period
returns are from CRSP's Fama-Bliss Discount Bond Files.' The monthly and
quarterly data sets run from June 1964 (when twelve-month bills became
continuously available) through December 1990. Yearly rates are from June 1952
through December 1990. All observations are monthly, so yearly and quarterly
observations overlap.
Basic Results
Estimated standard deviations of the rate changes Sr, excess holding-
period returns T" and the forward-spot spread S, are shown in Table I. For
comparison, all rates are annualized and are expressed in percentage points. In
other words, the standard deviation of r l+1 - r, for annualized monthly rates is
90.27 basis points. Forecasting horizons of one to four periods are shown for all
rates except quarterly. Since five-quarter T-bills do not exist, four-quarter horizons
for quarterly rates could not be calculated. For example, the figure of 1.5956 in
the final column of the first row in Panel A represents the standard deviation of
r l+5 - r, , the change in the one-month rate over a four-month period. The figure
of .4175 in the final column of the third row represents the standard deviation of
the difference between (1) the holding-period return to buying a five-month bill
at time t and selling at the end of four months and (2) the yield on a four-month
bill over the same period. On the other hand, the figure of .9198 in the first
column of the third row in Panel A represents the standard deviation of the
difference between (1) buying a two-month bill and selling at the end of one
month and (2) the one-month spot rate. Since a longer holding period implies a
longer overlap between the two bills, the variation in the holding-period return,
T" is less.
Table 2 reports implied standard deviations for the unobservable variables,
E,(!1r), 8" and E" calculated using the figures in Table I and equations (4b),
(5b), and (6b) assuming p = O. At this point, reconsider our rational
expectations/market efficiency assumption. Ifour rational expectations hypothesis
does not hold-i.e., if Covar(E,(!1r), E,) and Covar(8" E,) are not equal to zero
as we assume-some of our implied variances could be negative. However, no
negative implied variances are observed in Table 2 and none occurs when we re-
estimate the model for the different values of p listed in Table 3. Also, we expect
the standard deviation of the forecast error E, to increase as the forecast
"Ihese are artificial zero-coupon bonds constructed from the coupon bond term structure.
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TABLE l. Standard Deviations of the Change in Spot Rate, M
"
the Forward-Spot Spread, S" and the
Excess Holding-Period Return, T,.
Panel A. Monthly Rates from June 1964 to December 1990 from CRSP's Six-month Files
Forecasting Horizon and Holding Period (m)
Variables One Month Two Months Three Months Four Months
cr(tl.r,) 0.9027 1.2199 1.4360 1.5956
cr(S,) 0.8385 0.8141 0.7631 1.0003
cr(T,) 0.9198 0.6389 0.4759 0.4175
Panel B. Quarterly Rates from June 1964 to December 1990 from CRSP's Twelve-month Files

















Panel C. Yearly Rates from June 1952 to December 1990 from CRSP's Fama-Bliss Files
Forecasting Horizon and Holding Period (m)
Variables One Year Two Years Three Years Four Years
cr(tl.r,) 1.6849 2.2681 2.5530 2.8211
cr(S,) 0.6943 0.9597 1.0843 1.1611
cr(T,) 1.7866 1.1652 0.8459 0.6589
Notes: Sr, is the change in the spot rate r, from time / to time /+m. S, = J,'m - r, where Z.; is the implied forward
rate for time t-rm from the time / term structure. T, = H, - r" where H, is the holding-period return to buying an
m+1-period security at / and selling at trtn, All rates and returns are annualized.
horizon m increases, since the opportunity for unforeseen shocks to r, increases.
For all three rates, the implied standard deviation of E, rises monotonically as the
horizon lengthens. For a one-period horizon, we also expect the standard deviation
of E, to be lowest for monthly rates and highest for yearly rates. As shown in
Table 2, in every instance the standard deviation of E, increases monotonically
from Panel A to Panel c.' Considering that eleven error term standard deviations
are in Table 2 and each appears in two theoretical inequalities-one horizontal
'This result also holds for all values of p shown in Table 3. Of course, the sample period for yearly rates
differs from that for monthly and quarterly. Hence, comparisons between the panels in Table 2 must be made
with caution. However, the same result basically holds when monthly and quarterly rates are observed over
identical periods.
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TABLE 2. Implied Standard Deviations of the Expected Change in the Spot Rate, £,(&), the Term
Premium, 0" and the Forecast Error, £,.
Panel A. Monthly Rates from June 1964 to December 1990 from CRSP's Six-month Files
Forecasting Horizon and Holding Period (m)
Variables One Month Two Months Three Months Four Months
cr(E,(&» 0.5788 0.5091 0.5506 0.6156
0(0,) 0.6067 0.3176 0.1761 0.1971
0(£,..",) 0.6914 1.1086 1.3263 1.4721
Panel B. Quarterly Rates from June 1964 to December 1990 from CRSP's Twelve-month Files


















Panel C. Yearly Rates from June 1952 to December 1990 from CRSP's Fama-Bliss Files
Forecasting Horizon and Holding Period (m)
Variables One Year Two Years Three Years Four Years
o(E,(M» 0.2539 0.5634 0.7920 1.0862
cr(0,) 0.6462 0.3885 0.2469 0.1026
0(£,..,,) 1.6657 2.1971 2.4271 2.6036
Notes: E,(M) is the market's expectation of the change in the spot rate over the forecasting horizon m. e, is the
difference between the actual rate change and E,(M). 0, is the expected excess holding-period return to buying
an m+1-period security at time t and selling at time t+m vis-a-vis buying and holding an m-period security. The
standard deviations are calculated using the figures in Table 1 and equations (4b), (5b), and (6b) and assuming
p = O. All rates and returns are annualized.
and one vertical-we find it impressive that no inequality is violated. This
supports our assumption of rational expectations/market efficiency.
How cr(El~r» should vary as m increases is not clear a priori. Although
the actual rate change is generally larger over longer horizons, market participants
may have less information about expected rates at distant horizons. We find that
for quarterly and yearly rates, cr(El~r» increases with m but no clear pattern
emerges for monthly rates. Except for monthly rates when m = 3, cr(et) varies
inversely with m. This is not surprising. Recall that e, is the expected difference
between the holding-period return, Hi; to buying an m+I-period security at t
selling at t+m and buying and holding an m-period security. The absolute
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TABLE 3. Implied Standard Deviations of the Expected Change in the Spot Rate, E,(M), the Term
Premium, 8" and the Forecast Error, E" for Various Values of p.
Value of p
Variables -0.5 -0.2 o 0.2 0.5

























































Notes: E,(L\r) is the market's expectation of the change in the spot rate. E, is the difference between the actual
rate change and E,(L\r). 8, is the expected excess holding-period return to buying a two-period security at time
/ and selling at time /+ I vis-a-vis the spot rate r,. The standard deviations are calculated using the figures in
column I of Table I and equations (4H6) for the values of p, the correlation coefficient between E,(L\r) and
8,. All rates and returns are annualized. The forecasting horizon and holding-period, m, is one period.
difference between R; and Rm+1 usually declines as m increases. Also, recall that
all data are annualized.
Implied standard deviations for various assumed values of p are shown
in Table 3 for a one-period forecasting horizon and holding period. Equations
(I )-(3) show that for given values of S" T" and Sr, ocr(E,(!1r))/op < 0, ocr(e/)/op
< 0, and ocr(E,)/Op > o. Table 3 reveals that the size of these derivatives varies
among the three rates. Increasing p has a greater effect on cr(e,) and cr(E/) for
monthly rates and a greater effect on cr(E,(!1r)) for quarterly and yearly rates.
IV. Market Participants' Knowledge as Revealed
in the Term Structure
Predictability of Future Spot Rates
Since rational expectations/market efficiency imply Var(!1rJ = Var(E,(!1r))
+ Var(EJ, the ratio Var(E,(!1r))Nar(!1r,) provides a measure of the extent to which
actual spot rate changes, Sr, are anticipated by the market. A value of
Variance Decomposition Analysis
TABLE 4. Estimates of the Predictability of Rates and Holding-Period Returns and of the
Information in the Term Structure.
Forecasting Horizon and Holding Period (m)
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Variables One Period Two Periods Three Periods Four Periods
Panel A. Estimates of the Extent to Which Changes in Spot Rates are Predicted by the Market, i.e.,















Panel B. Estimates of the Extent to Which Excess Holding Returns are Predicted by the Market, i.e.,















Panel C. Estimates of the Extent to Which Variations in the Forward-Spot Spread Reflect Variations in the
Market Expectations of Changes in Future Spot Rates, i.e., O'2(E,(ti))/O'2(S,). The remainder is due to















Notes: Ratios are based on the figures in Tables I and 2 for various forecasting periods and holding periods m.
The correlation coefficient p between E,(&-) and 8, is assumed equal to zero. All data are from the CRSP files.










actual spot rate change from I to trm;
expected value of Sr;
difference between the m-period holding-period return on m+I-period securities and the yield-
to-maturity on m-period securities;
expected value of T" i.e., the term premium;
difference between Sr, and E,(&-);
spread between the forward rate for period I+m and the single-period spot rate;
length of the forecasting horizon and holding period; and
correlation between E,(&-) and 8,.
Var(E,(t!.r»Nar(!1r,) close to one indicates that most changes are anticipated,
while a value near zero indicates that few are. Results for various forecasting
horizons when p = 0 are shown in Panel A of Table 4 and results for various
values of p and a one-period horizon are shown in Panel A of Table 5.
In general, our results indicate that the market's ability to forecast
quarterly and yearly rates over any horizon is fairly poor, though that
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TABLE S. Estimates of the Predictability of Rates and Holding-Period Returns and of the
Information in the Term Structure.
Value of p
Variables -0.5 -0.2 o 0.2 0.5
Panel A. Estimates of the Extent to Which Changes in Spot Rates are Predicted by the Market, i.e.,



















Panel B. Estimates of the Extent to Which Excess Holding Returns are Predicted by the Market, i.e.,



















Panel C. Estimates of the Extent to Which Variations in the Forward-Spot Spread Reflect Variations in the
Market Expectations ofChanges in Future Spot Rates, i.e., O"(E,(M»/O"E,(M) + 0"(8/). The remainder



















Notes: Ratios are based on the variances in Tables I and 3 for a single holding period. All data are from CRSP






actual spot rate change from t to t-rm;
expected value of M,;
difference between the m-period holding-period return on m+ I-period securities and the yield-
to-maturity on m-period securities;
expected value of 7;, i.e., the term premium;
difference between Sr, and E,(M);
spread between the forward rate for period t+m and the single-period spot rate;
length of the forecasting horizon and holding period; and
correlation between E,(M) and 8/.
forecasting ability is slightly better at more distant horizons.' The ability to
forecast changes in one-month rates over one-month periods appears much better.
In particular, for p = 0, our results indicate that 41.2 percent of the monthly
variation in monthly rates is anticipated. In contrast to the results for quarterly
50urestimates assume reported rates are measured without error. If they contain measurement error, Var(M,)
overstates the true variance of the actual true rate change and true predictablity will be higher than reported in
Table 5.
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and yearly rates, the forecasting ability for monthly rates declines as the
forecasting horizon increases. Equations (4}-{6) show that for the same variances
of the observable variables on the left-hand side of the equations, higher values
of p imply lower forecasting ability. This is illustrated in Table 5.
Our measure of spot rate predictability differs from that used in past
studies. Following Fama (1984), the standard procedure is to regress t!.r, on S, or
R, - r" i.e.,
Sr, = a + b S, + U, (7)
Then, predictability is measured by the adjusted R2 of this regression. While we
measure the percentage ofVar(t!.r,) anticipated by market participants, the adjusted
R2 measures the percent predicted by equation (7). The problem with using the
R2 approach is that S, may not be a reliable indicator of the market's expectation,
E,(t!.r), since (as Fama (1984) and others realize) it also includes B" the term
premium. If term premia are constant, our measure and the R2 measure are
equivalent. By definition, plim R2 =;/ Var(S,)Nar(!1r,). IfVar(B,) = 0, Var(S,) =
Var(E,{!1r,» and plim b = I, so plim R2 = Var(E,(t!.r»Nar(!1r,). If, however,
Var(B,) > 0, as Tables 2 and 3 indicate, plim b< 1, Var(S,) < Var (E,{!1r», and











The first term on the right-hand side of equation (8b) is our measure of forecast
effectiveness. Since we measure the extent to which rate changes are predictable
by market participants and the traditional approach measures the extent to which
they are predictable by S/, the traditional measure is equal to our measure times
the ratio of the variation in the market's expectation divided by the variation in
S,.
Although the measures differ, we compare our results with previous
studies. For month-to-month changes in monthly rates, Fama (\ 984), Mishkin
(1988), and Walz and Spencer (\ 989) find that S, explains 10 percent to 15
percent of the variation in Sr, while we find that, for p = 0, market participants
anticipate about 40 percent of the variation in t!.r,. Using equation (8b) and the
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variances in Tables I and 2, our figures are equivalent to an R2 of about .20 in
the format of the previous literature.
Although the magnitudes differ, our results confirm another aspect of past
studies. While Fama (1984) and others observe R2,s in the .10 to .15 range for
one-month changes in one-month rates, Shiller, Campbell, and Schoenholtz (1983)
and Mankiw and Miron (1986) obtain adjusted R2 's that are approximately zero,
or negative, for quarterly rates and horizons. For yearly rates and one-year
horizons, Fama and Bliss (1987) and Jorion and Mishkin (1991) also observe very
small, though positive, R2 's. As shown in column 1 of Panel A in Tables 4 and
5, our results confirm this pattern. We find that, while market participants can
forecast month-to-month changes in monthly rates fairly well, they cannot forecast
single-period changes in quarterly and yearly rates. The differing results of Fama
(1984) and Shiller, Campbell, and Schoenholtz (1983) are largely due to the rates
(monthly or quarterly) they examine.
The pattern, though not the magnitudes, of our results for longer
forecasting horizons also matches previous studies. Fama (1984), Mishkin (1988),
and Walz and Spencer (1989) observe that, for monthly rates, forecasting ability
declines as the forecasting horizon increases. As shown in row I of Panel A in
Tables 4 and 5, we find the same result. On the other hand, Fama and Bliss
(1987) find that, although R2 is close to zero for one-year changes in yearly rates,
the R2 rises substantially as the forecasting horizon increases, reaching .48 for a
four-year horizon. We find that the ability to forecast yearly rates rises slightly
as the horizon lengthens. However, the implied forecasting ability is fairly small
at all horizons." This is apparently due to a difference in the sample periods. Fama
and Bliss use 1964-84 data, while we use 1952-90 data. Ifwe restrict our sample
to 1964-84, the percentages in row 3 of Panel A in Tables 4 and 5 increase
substantially.
Term Premia Predictability
Estimates of the extent to which the market anticipates variations in
holding-period returns are shown in Panel B of Tables 4 and 5. Recall that T, is
the difference between the unknown return to buying an m+ l-period security at
time t and selling it at time t+m and the known return to buying and holding an
m-period security. The term premium 8, is the expected value of T,. Hence,
cr2(8{)/cr2( T,) measures the extent to which changes in T, are anticipated by the
market. If two-month T-bill rates are 6 percent, one-month rates are 5 percent,
"Using equation (8b) and the figures in Tables 1,2, and 4, we find for our four-year horizon that R' =
.1482[ 1.0862/1.1611]' = .13 versus .48 reported by Fama and Bliss (1987). To make sure the conflicting results
are not due to different methodologies, we duplicate the Fama/Bliss regression. For their data period, we obtain
approximately the same results they do, i.e., adjusted R' = 0.473. Over our longer sample period, however, the
adjusted R' = 0.138.
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and one-month rates are not expected to change, the difference between two- and
one-month rates reflects a higher expected return, 7 percent, on the two-month
security. If, as expected, one-month rates stay at 5 percent in the next period, the
excess holding-period return will be 2 percent as anticipated. If, instead, one-
month rates rise to 7 percent, T, will equal an unanticipated 0 percent.
Comparing Panels A and B in Tables 4 and 5, our results indicate that
excess holding-period returns are more predictable than spot rate changes. We
find that excess holding-period returns on monthly securities are more predictable
than those on quarterly and yearly securities. Excess holding-period returns on
two-month T-bills over one-month horizons are the most predictable (44 percent
for p = 0). This higher predictability at the short end of the term structure could
reflect transaction costs. The same expected excess holding-period return, e"
translates into a higher expected dollar difference over a longer holding period.
For the same transaction costs, it may not be profitable to switch from short to
long securities or for a short holding period, while the same substitution would
be profitable for a longer holding period. From equations (4}-(6), term premium
predictability varies inversely with p. The magnitudes are illustrated in Panel B
of Table 5.
Information in the Term Structure
As shown in equations (6) and (6b), if p = 0, the variation in the forward-
spot spread consists of two components: cr2(E,(!:ir», the variance of expected rate
changes, and cr2(e ,), the variance of the term premium. As shown in Panel C of
Table 4, our results indicate that, in general, changes in the slope of the yield
curve are due more to fluctuations in the term premium than to variations in
expected rate changes. However, our results also indicate that the mix depends on
the rate and forecasting horizon. For quarterly and yearly rates, expected rate
changes become more important vis-a-vis the term premium as the forecasting
horizon is lengthened.
If p ::F- 0, then, as shown in equations (6) and (6b), cr2(S/) also depends on
the covariance between E,(!:ir) and 8
"
Since our focus is on the relative
contributions of cr2(e/) and cr
2(E,(!:ir», we show in Panel C of Table 5
cr2(E,(!:ir»/[cr2(E,(!:ir» + cr2(8,)] instead of cr2(E,(!:ir)/cr2(S,). Also as shown in Panel
C, for monthly rates, the relative contribution ofE,(!:ir) and 8, is little changed by
the choice of p. For quarterly and yearly rates, higher values of p imply lower
values of cr2(E,(!:ir» relative to cr2(8,).
v. Results for Subperiods
In Tables 1-5 we estimate variances over our entire data periods, 1964-90
and 1952-90. However, interest rates became much more volatile after the
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TABLE 6. Standard Deviation Estimates for Various Subperiods.
Monthly Rates Quarterly Rates
Forecasting Horizon and Holding Period (m) Forecasting Horizon and Holding Period (m)
Variables One Month Two Months Three Months One Quarter Two Quarters Three Quarters
Panel A. June 1964 through September 1979
cr(ilI",) 0.5095 0.6702 0.7863 0.8185 1.2682 1.5142
cr(S,) 0.3891 0.4808 0.5183 0.3980 0.6087 0.6374
cr(T,) 0.5442 0.3971 0.2946 0.8602 0.7161 0.5001
cr(E,(ilI"» 0.2397 0.1574 0.2301 0.2102 <0 0.4736
cr(8,) 0.3065 0.2271 0.1548 0.3379 0.3189 0.1422
cr(E,) 0.4496 0.6514 0.7519 0.7911 1.2823 1.4382
Panel B. October 1979 through October 1982
cr(ilI",) 1.9132 2.7771 3.3230 2.9077 3.3968 3.3241
cr(S,) 1.1712 1.2468 1.3203 0.9465 1.2347 1.3573
cr(T,) 1.7670 1.3739 1.0952 3.1398 1.7033 1.3513
cr(E,(ilI",» 0.9771 0.9264 0.9976 <0 0.8543 <0
cr(8,) 0.6457 0.4172 0.2883 1.0722 0.4464 0.6336
cr(E,) 1.6448 2.6180 3.1697 2.9510 3.2876 3.5805
Panel C. November 1982 through December 1990
cr(ilI",) 0.8431 0.9770 1.0857 0.7124 1.0331 1.3054
cr(S,) 0.9896 0.8112 0.7307 0.4411 0.5733 0.6416
cr(T,) 0.6794 0.4035 0.2948 0.7681 0.5622 0.4354
cr(E,(ilI"» 0.7838 0.6933 0.6821 0.2368 0.2566 0.4526
cr(8,) 0.6042 0.2106 0.0874 0.3721 0.2563 0.1516
cr(E,) 0.3107 0.6883 0.8447 0.6719 1.0007 1.2245
Notes: Standard deviations of Sr, S" and T, are calculated from the CRSP data. Standard deviations of E,(ilI"),










actual spot rate change from t to t+m;
expected value of "'r,;
difference between the m-period holding-period return on m+ I-period securities and the yield-
to-maturity on m-period securities;
expected value of T" i.e., the term premium;
difference between Sr, and E,(ilI");
spread between the forward rate for period t+m and the single-period spot rate;
length of the forecasting horizon and holding period; and
correlation between E,(ilI") and 8,.
change in the Fed operating procedure in October 1979 and less volatile after the
October 1982 change. In Table 6 we show standard deviations of Sr. , S" and T,
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for three monetary policy regimes: June 1964-September 1979, October
1979-Qctober 1982, and November 1982-December 1990. As Hardouvelis (1988)
notes, these represent periods of interest rate targeting, no interest rate targeting,
and partial interest rate targeting, respectively. These variances are reported for
monthly and quarterly rates only since not enough independent observations occur
in the two later periods to calculate standard deviations for yearly rates and
returns. Because of the small number of observations, quarterly results for
1979-82 must be interpreted with caution. As previously observed, cr(Llr,)
increases sharply in October 1979 and decreases after October 1982. We find that
the standard deviations of S, and T, follow the same pattern. After October 1982,
the quarterly standard deviations return approximately to their pre-1979 levels but
the monthly figures remain higher than in 1964-79.
Table 6 reports estimated standard deviations of E,(Llr), 8" and E, for
p = O. In general, all increase after October 1979 and decrease after October
1982. In three cases, the implied variance of E,(!1r) is negative. Since this period
has only eleven independent quarters, the two negative estimates in 1979-82 are
probably unreliable and are of little concern. The negative value of cr(E,(Llr» for
two-quarter rate changes in 1964-79 indicates that either the true variance is close
to zero, the true p is greater than zero, or our market efficiency assumption is
incorrect. Since our market efficiency assumption is supported by other evidence,
including that cr(E/) rises monotonically as the forecasting horizon increases, we
believe our result supports one of the first two explanations.
Estimates of the predictability offuture interest rates, the predictability of
excess holding-period returns, and the determinants ofthe slope of the yield curve
are shown in Table 7 (p = 0, multiple horizons) and Table 8 (multiple p's, one-
period horizon) for monthly rates in the three subperiods. We do not show ratios
for quarterly rates because of the small number of observations in 1979-82, but
these can be calculated from Table 6.
Predictability of Future Spot Rates
We find that changes in monthly rates became much more predictable
after 1982. As shown in Table 7, for p = 0, 86 percent of the month-to-month
changes in one-month rates between November 1982 and December 1990 were
anticipated by the market. Following the usual procedure of regressing !1r, on S"
Hardouvelis (1988) observes that, for two-week rates, Sr, is more predictable after
1982, but his R2 's are far lower than our predictability percentages in Tables 7
and 8. Monthly rate changes over longer horizons are less predictable, though
predictability is still higher than in 1964-82. As before, quarterly rates are much
less predictable than monthly rates in all periods, but their predictability also
increases after 1982. For single-period changes in quarterly rates, the ratio
cr2(E,(!1r»/cr2(Llr/) is 6.59 percent in 1964-79 and 11.05 percent in 1982-90.
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TABLE 7. Estimates of the Predictability of Monthly Rates and Excess Holding-Period Returns and of
the Information in the Term Structure for Subperiods.
Forecasting and Holding Period (m)
Periods One Period Two Periods Three Periods
Panel A. Estimates of the Extent to Which Changes in Spot Rates, M" Are Predicted by the Market, i.e.,













Panel B. Estimates of the Extent to Which Excess Holding Returns, T" Are Rredicted by the Market, i.e.,













Panel C. Estimates of the Extent to Which Variations in the Forward Spot-Spread, S" Reflect Variations in the
Market Expectations of Changes in Future Spot Rates, E,(M), i.e., cr2(E,(M»/cr2(S,). The remainder is













Notes: The ratios are based on the figures in Table 6 for various forecasting periods and holding periods, m. p










actual spot rate change from t to t+m;
expected value of Sr;
difference between the m-period holding-period return on m+ l-period securities and the yield-
to-maturity on m-period securities;
expected value of T" i.e., the term premium;
difference between M, and E,(M);
spread between the forward rate for period t+m and the single-period spot rate;
length of the forecasting horizon and holding period; and
correlation between E,(!'J.r) and 8,.
Before 1979, when the Fed followed a policy of interest rate targeting,
month-to-month rate changes as measured by cr2(Llr,) were generally small.
However, cr2(E,(Llr» was even smaller because the market apparently believed the
Fed would smooth interest rates. When the Fed abandoned interest rate targeting
between October 1979 and October 1982, both actual and expected rate changes,
cr2(Llr) and cr2(El Llr» , increased sharply but overall predictability remained about
the same. In October 1982 the Fed switched its short-run operating target from
nonborrowed to borrowed reserves and its intermediate target from M1 to
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TABLE 8. Estimates of the Predictability of Monthly Rates and Excess Holding-Period Returns and of
the Information in the Term Structure for Different Periods.
Value of p
Periods -0.5 -0.2 o 0.2 0.5
Panel A. Estimates of the Extent to Which Changes in Spot Rates are Predicted by the Market, i.e.,



















Panel B. Estimates of the Extent to Which Excess Holding Returns are Predicted by the Market, i.e.,



















Panel C. Estimates of the Extent to Which Variations in the Forward Spot-Spread Reflect Variations in the
Market Expectations of Changes in Future Spot Rates, i.e., 02(E,(fir»/[02E,(fir) + 0 2(8 ,1. The



















Notes: The ratios are based on the standard deviations of fir" T" and S, shown in Table 6 and of values for the
variances of E,(fir,), 8, , and E, calculated from those values using equations (4H6) and the assumed value of










actual spot rate change from I to tvm;
expected value of Sr;
difference between the m-period holding-period return on m+I-period securities and the yield-
to-maturity on m-period securities;
expected value of T" i.e., the term premium;
difference between fir, and E,(fir);
spread between the forward rate for period t-m and the single-period spot rate;
length of the forecasting horizon and holding period; and
correlation between E,(fir) and 8,.
various aggregates. The Fed also lengthened its horizon for meeting its
intermediate targets. As a result, rate changes became much more predictable.
Mankiw and Miron (1986) find that future interest rates were much more
predictable before the establishment of the Fed in 1915 than after. Perhaps the
greater predictability of rates since 1982 reflects a switch back to a much less
active monetary policy.
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Term Premia Predictability
Our results indicate that excess one-month holding-period returns on two-
month T-bills also became more predictable after 1982. The results in Panel B of
Tables 7 and 8 imply that after 1982 traders could increase their returns, before
transaction costs, by buying two-month bills when 8 t was high and one-month
bills when 8, was low. When we consider two- and three-month holding periods
(Table 7) however, implied predictability drops sharply and no longer exceeds
predictability in earlier periods. Given these mixed results, we cannot draw any
conclusions about predictability patterns over time. Again, large negative values
of p appear inconsistent with the model (Panel B of Table 8) since they imply
negative covariances.
Information in the Term Structure
The results in Panel C of Tables 7 and 8 indicate a sharp shift in the
determinants of fluctuations in the forward-spot spread. However, the shift occurs
in October 1979, not 1982. Before 1979, most fluctuations in the slope of the
yield curve were apparently due to changes in the term premium. After 1979,
expected changes in spot rates became much more important. This is consistent
with our argument that before 1979, market participants expected only small
changes in interest rates because of the Fed's policy of interest rate smoothing.
Consequently, most changes in the term structure reflected changes in term
premia during this period.
VI. Conclusion
By assuming market efficiency, we use a variance decomposition
approach to disentangle the information in the term structure on expected future
interest rates from information on fluctuations in the term premium. Some of our
results depend on an assumed value for p, the correlation between the term
premium and the direction of the expected rate change, but other results hold for
a wide range of p. Our results for p = 0 show what is possible if the traditional
assumption that the term premium is constant is replaced with the weaker
assumption that it is uncorrelated with the expected rate change.
We find for all values of p that, in general, fluctuations in the slope of
the yield curve since 1964 are due more to changes in term premia and less to
expected spot rate changes in spot rates. However, at least at the short end of the
yield curve, a major shift occurred in 1979. Before October 1979, most changes
at the short end were due to fluctuations in the term premia. After October 1979,
changes in expected future short rates dominated.
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The market's ability to predict changes in quarterly and yearly rates is
small (less than 10 percent). However, about 41 percent (p = 0) of the month-to-
month changes in the one-month spot rate over 1964-90 were anticipated by the
market. This is a much higher figure than that obtained by previous studies
because we measure the extent to which rate changes are predicted by market
participants while earlier studies measure the extent to which they are predicted
by the yield curve, which also incorporates expected term premium changes.
Our results suggest that much of the difference in past studies between
those who find information in the term structure on future rates (e.g., Fama
(1984) and those who find none (e.g., Shiller, Campbell, and Schoenholtz (1983»
is due to their choice of monthly or quarterly rates. We find that month-to-month
changes in monthly rates are much more predictable than quarter-to-quarter
changes in quarterly rates. Contrary to Fama and Bliss (1987), however, we find
little evidence that the market can predict long-term changes in yearly rates. The
difference is apparently due to the choice of data periods; our period is longer.
Overall, the market's ability to anticipate changes in excess holding-
period returns on long- versus short-term securities slightly exceeds its ability to
predict future spot rates. This is particularly true at the long end of the term
structure.
The market's ability to anticipate both short-run changes in short-term
rates and excess holding-period returns on long versus short securities has
increased sharply since the Fed's shift in operating strategy in 1982.
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